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Neuroprotective Effects of the Extract of Zingiberis Rhizoma

Gil-Saeng Jeongl#, Bin Li’, Dong-Sung Lee, Hyun-Gyu Choi and Youn-Chul Kim*
College of Pharmacy, Wonkwang University, Iksan 570-749, Korea
! Zoonosis Research Center, Wonkwang University, Iksan 570-749, Korea

Abstract — Glutamate-induced oxidative injury contributes to neuronal degeneration in many central nervous system (CNS)
diseases, such as Parkinson’s disease, Alzheimer’s disease, epilepsy and ischemia. Inducible heme oxygenase (HO)-1 acts
against oxidants that are thought to play a role in the pathogenesis of these diseases. NNMBS098, a composition comprising
the water insoluble of the 70% EtOH extract of Zingiberis Rhizoma, showed the potent neuroprotective effects on glutamate-
induced neurotoxicity by induced the expression of heme oxygenase (HO)-1 and increased HO activity in the mouse hip-
pocampal HT22 cells. Furthermore, NNMBS098 caused the nuclear accumulation of nuclear factor E2-related factor 2 (Nrf2)
in mouse hippocampal HT22 cells. In addition, we found that treatment with c-Jun N-terminal kinase (JNK) inhibitor
(SP600125) reduced NNMBS098-induced HO-1 expression and NNMBS098 also increased JNK phosphorylation. Therefore,
these results suggest that NNMBS098 increases cellular resistance to glutamate-induced oxidative injury in mouse hippocampal
HT22 cells, presumably through JNK pathway-Nrf2-dependent HO-1 expression.

Key words — Glutamate, HT22, Zingiberis Rhizoma, Heme Oxygenase-1, Neuroprotective effect
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o} Qe ExE|o] Urt. FECE= zingiberol, zingiberon,
zingiberene 52| A48 AP E<] gingerol, shogaol
2 FHrekaL Qlom Aol AlEAdATEE gingerol 9
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Heme oxygenase-1 (HO-1) & Heme oxygenase -=41%
o] sh= MEWC] Hemes F3llste] FAHEQl UAkster
2, A, WA s v, O e $ Al ZARE o
A, FAF H A S 2= ZloE duiA uofs 2
e BHle R & FES W gt 53] H AX BE 7]
el 9lo] HO-12 2 Fakast @74 ROS A7 3 Al B
3, st Fo Ags Folo] Aksh AEH AR Qg ¥
AE E4E& Ak o= A B2 A7 A=
ATEMO Wb, B As A% e FEE] veA
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FESHAA] 2PollA FFste] ARSI

Alek 2 717 —DMEM #§X19} trypsin-ethylenediaminetetraacetic
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3} T} L-glutamate, Trolox 2} 3'-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT)= SigmaA}oll A
T3 E. 96-Well tissue culture plates$} 71E} tissue
culture dishes= NuncAl A|FE o] &3t STH ==
BioRadAk] Microplate Readers ©]-8-31] 4313t
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el ajFsii o, AzAEE2 MTTHS &8st =
sl on, FHNZFEZE Trolox 50 uME ARSI
B3 B AR vzl i AR SE2 meantS.D.
2 FAEIR e, 717} 33] HhE AR E o] g5t AlLlst
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wavelength: 490 nm; emission wavelength : 525 nm)
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glycerophosphate, 20 mM NaF, 20mM ethylene glycol
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tetraacetic acid (EGTA), 1 mM dithiothreitol (DTT), 1 mM
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Fig. 1. Effects of NNMBS097, NNMBS098 and NNMBS099
on glutamate-induced oxidative neurotoxicity and inhibition of
reactive oxygen species generation. (A) Cells were treated with
samples and then incubated for 12 h with glutamate (5 mM).
(B) Exposure of HT22 cells to 5mM glutamate for 12h
increased reactive oxygen species production. NNMBS098
effectively inhibited glutamate-mediated reactive oxygen species
production. Each bar represents the meantS.D. of three
independent experiments, *P<0.05. Trolox (50 uM) was used
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Fig. 2. Effects of NNMBS097, NNMBS098 and NNMBS099 on HO-1 expression and HO activity in HT22 cells. Cells were
incubated for 12 h with NNMBS097 (A), NNMBS098 (B) and NNMBS099 (C). Expression of HO-1 was determined by western
blot analysis, and representative blots of three independent experiments are shown. HO activity was determined via bilirubin
formation at 12 h after treatment with various concentrations of NNMBS097 (D), NNMBS098 (E) and NNMBS099 (F). Each bar
represents the mean+S.D. of three independent experiments. *P<0.05 vs. control. CoPP (20 uM) was used as the positive control.
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Fig. 3. Effects of NNMBS098 on HO-1 expression and HO
activity in HT22 cells. (A) Cells were incubated for indicated
periods with 40 pg/ml of NNMBS098. Expression of HO-1
was determined by western blot analysis, and representative
blots of three independent experiments are shown. (B) HT22
cells were treated with 40 pg/ml of NNMBS098, and HO
activity was measured at the indicated time points. Each bar
represents the meantS.D. of three independent experiments.
*P<0.05 vs. control.

oF7ke] HO-1 WHelo] #2w v 4284 E3E (NNMBS099)
2 opfdl zkgo] gl whH, HI5REA 8520 NNMBS098
2 HO-1e A& 5= &2 o7 BT e AS 3l
skt EE?‘; HO activity <JA] NNMBS098°] ¢Jall Z7}a}
£ & FelsItt (Fig. 2). 40 pg/ml 5504 NNMBS098

o 93t HO-1 i) Wd e A|7hd 7 24S

pul

sk A3} 62
Zb oA HE welo] AlZtE]o] 18AI7 el A AU ol I
HALem HO activity GA] 18 A|7bol|A 7 =2 S-S
YERITH (Fig. 3). NNMBS098] olafl =7} el Al E B
3393 ROS 474 E4¢] HO-19] AR SnPP= <13]
2 He S 535 NNMBS098 HO-18 2& ghe
24 HAE R3S ROS 27 24 JeRt (Fig.
4).
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7AUZE 5 nuclear factor-E2-related factor 2 (Nrf2) & sy
X 7P ARAQ Bde] lEZlo® dEA Aok Nif2
= AARIAIZA HO-13} -2 &4ks)l whalz o] {7 7o
ZA)3l= ARE(Antioxidant Response Element)ol] A3}l
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Fig. 4. Effects of NNMBS098-induced HO-1 on glutamate-
induced oxidative neurotoxicity and reactive oxygen species
generation. (A) Cells were treated with 40 pg/ml of
NNMBS098 in the presence or absence of 50 uM SnPP and
then exposed to glutamate (5 mM) for 12 h. (B) Exposure of
HT22 cells to 5 mM glutamate for 12 h increased reactive
oxygen species production. NNMBS098 induced HO-1
effectively inhibited reactive oxygen species production. Each
bar represents the mean+S.D. of three independent experiments,
*P<0.05 vs. control. **p<0.05 vs. group treated with
NNMBS098.
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7} SVl ¥ cytosol?] Nrf27F 8413 Eolte 2
BT (Fig. 5). 712 A7234¢} viRIZIAIZ NNMBS098
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1o ™ extracellular signal-regulated kinase (ERK), p38
MAPK$} c-Jun N-terminal kinase (INK) 5 3714 A€ 9]
MAPK family7} 1tk oJ2] S5l o] &} mitogen-
activated protein kinase (MAPK) 742 SA] HO-1¢] ¥l
A ow Boshe o E Rt NNMBS098S:
40 pg/ml F== 223 23} ERKSF p38 2= Wb {1
= RHE, INK= 30800478 QIitstage] o] fo] A=
S 25192 NNMBS098 40 ug/mizk INK SJAA21
SP6001255 &7 A 2]dl-g w HO-12] Fdo] AA =
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Fig. 5. Effects of NNMBS098 on Nrf-2 nuclear translocation
in HT22 cells. Cells were treated with 40 pg/ml of NNMBS098
for 0.5, 1, and 1.5 h. The nuclei were fractionated from the
cytosol using PER-Mammalian Protein Extraction buffer as
described in materials and methods. Nrf-2 protein was
detected by western blot analysis, and representative blots of
three independent experiments are shown.
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Fig. 6. Effects of NNMBS098-induced MAPK activation on HO-1 expression and glutamate-induced neurotoxicity in HT22 cells.
(A) Cells were treated with 40 pg/ml of NNMBS098 for the indicated times. Cell extracts were analyzed by western blot with
antibodies specific for phosphorylated ERK1/2 (p-ERK), phosphorylated JNK (p-JNK), or phosphorylated p38 (p-p38). Membranes
were stripped and re-probed for total form of each MAPK antibody as a control, and the representative blots of three independent
experiments are shown. (B) Cells were pretreated for 1 h with the specific inhibitor PD98059 (40 uM), SP600125 (25 uM) and
SB203580 (20 uM), and then treated with NNMBS098 (40 pg/ml) for 12 h. Western blot analyses for HO-1 expression were
performed as described in materials and methods and representative blots of three independent experiments are shown. (C) Cells
untreated or treated with NNMBS098 (40 pg/ml) in the presence or absence of each specific inhibitor for 12 h were exposed to
SmM glutamate for 8 h. Each bar represents the meantS.D. of three independent experiments. *P<0.05 compared to the group
treated with glutamate. Trolox (50 M) was used as positive control.
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